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New materials as a driver
of progress in Catalonia
Materials science and engineering has become an essential field
of knowledge for other industries. As a study of the National
Academy of Sciences points out, materials science and engineering
deals with generation and application of knowledge related to the
composition, structure and manufacturing of materials, including
their properties and use. Science focuses its findings on the
nature of materials, which leads to theories or descriptions
explaining how structure relates with composition, properties and
behaviour. Engineering deals with implementing the science in
order to develop, prepare, modify and apply materials to satisfy
specific needs.
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Experts in materials science and technology
often have enough knowledge to define quan-
titatively and control the relation between the
atomic and molecular microstructure of a
material, its manufacturing process, the result-
ing properties and performance of its use. This
allows to improve conventional materials and
create new ones, especially designed to satisfy
the increasingly demanding performance
requirements imposed by final applications. It
is also possible to start from desired properties
and work in the opposite direction, that is,
looking for the most adequate material for an
application. Furthermore, it is possible to work
out completely new materials for certain appli-
cations in a process called tailoring. All this
leads inevitably to the need of understanding
matter at atomic and molecular level. 
The origin of materials
science and technology
The first traces of humankind consist of tools. The
classification of prehistoric periods is based
on the materials these tools had been made
of. A better knowledge and use of energy was 
the main achievement of the 19th and part of
the 20th century: energy transmission over
distance or autonomy of a wide range of engines
brought a revolution into production of goods
and equipment. Nevertheless, the most
important for higher efficiency in the use of
energy and a better performance of engines
lies in the best and most advanced properties 
of materials.Yet to understand the nature of
these properties at the required level, to con-
trol and predict the properties of materials
society demands, a deep knowledge of their
structure is necessary.
Material properties are often the
factor setting the limit in developing
a given technology.
Knowledge revealed by quantum physics in
the early 20th century increased considerably the
understanding of cross-connections between
structure and properties of matter. In the
1960s, the term new materials came up in the
United States before becoming internationally
accepted. The industry should be provided
with materials that not only offer new prod-
ucts but also improve already existing manu-
facturing processes, reduce costs and reach
improvements in quality control. It has there-
fore been often said that «new materials» does
not mean ‘materials that are new’. Materials
are not a final product in themselves but part of
components that ensure better performance 
of highly sophisticated systems such as airplanes,
electronic systems and automobiles, provided
they work well.
Materials are not a final product 
in themselves but part of components
that ensure better performance 
of highly sophisticated systems,
provided they work well.
In the 1960s and 1970s, many new materials
became known that could be considered to be
advanced, but it was only in the 1980s when
the structure and properties of matter actually
became controlled. This meant a structural break
in the way of developing and using materials
at industrial level. Scientists reached permanent
capacity to intervene in materials at electronic,
atomic, molecular and microstructural level, as
well as to do quantitative characterisations,
shape, predict and control the evolution of the
microstructure during the manufacturing
process and manipulate and enhance proper-
ties allowing to develop the desired industrial
and military applications.
ICT and telecommunications are currently thep-
illars of the new information era. We must not
forget that treatment, transmission and storage
of information would not be possible without
new materials. Just as an example, we could
mention fibre optics and solid laser for optical
communication, semiconductors and magnetic
support for IT and superalloys, carbon-carbon
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compounds and teflon for communications via
satellite. In fact, material properties are often
the factor setting the limit in developing a
given technology.
Advanced materials and
materials of the future
Advanced materials are polymers, metals,
ceramics and compounds offering better
properties than traditional materials for a
given application. For instance, materials with a
higher resistance-density ratio are more
resistant to heat and also have better thermal,
electrical and optical properties. Advanced
materials that include many technologies from
the onset allow to save overall energy consump-
tion, have a better performance at a reasonable
cost and are less dependent on imports of
strategic and critical mineral resources.
Some examples are now presented to illustrate
the spectacular progress made in the develop-
ment of new materials and trends for materials
of the future.
Advanced ceramics
These materials are synthesised chemical
compounds based on carbides, nitrides,
oxides or combinations of these compounds.
They are characterised by their rigid and
strongly directional atomic bonds, which pro-
vides a high degree of hardness and stability
at high temperatures. Among many other
applications, advanced ceramics are used to
manufacture fibre optics. These materials
have meant a spectacular benefit for commu-
nications: a simple 10 µm fibre is able to
transmit thousands of simultaneous tele-
phone calls. There are further fibres with so
little loss of light that it can be sent over
hundreds of kilometres without any need of
reamplification nor any electromagnetic per-
turbation. Work to improve fibres and extend
their application is in progress.
A material considered to have a bright future
are glass alloys. When a pole of electronic
energy is applied to this material, glass is
heated to a temperature just above that of glass
transition, leading to localised crystallisation
in the form of conductive fibres expanding the
amorphous matrix. These fibres are so small
that they do not have defaults, thus providing
highly efficient conduction.
Other materials that are being intensively
researched are superconductors with the aim
of reaching a temperature of use close to room
temperature, thus avoiding loss of energy in
their transmission.
Advanced materials allow to save
overall energy consumption, have a
better performance at a reasonable
cost and are less dependent on
imports of strategic mineral
resources.
Advanced ceramics are highly resistant against
wear and tear and used in coating of cutting
tools and rollers for textile machines, rollers
and plant lines in machining, etc. Bioceramics
are used as a substitute of hard tissues and in
joints to improve resistance to wear and tear
in hip and knee prostheses, and they are bioac-
tive, that is, they are ceramic or calcium phos-
phate cement materials becoming a new bone
with time after being placed in bone cavities.
Right now, active work is done to better
understand the fundamentals of synthesis and
manufacturing of structural, electronic and opti-
cal ceramic materials that seem to open an
infinite range of possibilities for future appli-
cations. In the future, the cost of ceramic mate-
rials will need to be reduced, while automation
of manufacturing processes is increased, the
rate of rejects reduced, finishing cost diminished
and new manufacturing technologies devel-
oped. The main buyers of advanced ceramics
are currently in the electronics industry,
although structural applications still do not
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cover initial expectations due to their poor
mechanic properties.
Advanced polymers
Synthetic polymers from industrial plastics
and resins, fibres and films are being developed,
and the development of polymeric alloys pro-
ducing materials with new properties has
begun. The combination of different polymers
creates previously unsuspected possibilities
thanks to the accumulation of properties. It
is therefore not surprising that the alloy prin-
ciple, originally associated with metallurgy,
fibres, coating and painting, is applied in many
labs all over the world.
Another recent development is production of
multi-phase alloys, where crystalline and
amorphous phases coexist as ultra-small
domains or particles in an amorphous matrix.
As the bond between domains is ionic, mix-
tures are called ionomers. These alloys are very
resistant and can bear impact forces without
breaking. They are mechanically resistant to
temperatures of exposure of up to 100ºC over
long periods of time.
Biodegradable polymers are among the most
promising materials due to their application in
many processes. The most important ones are
those derived from lactic and glycolic acid and
are widely used in sutures, plates or screws to
tighten bones not having high mechanic
requirements. These items can prevent surgical
intervention as the biodegradable material is
destroyed after healing. In this respect, there
has been considerable progress as antibiotics
or other drugs can be added, allowing their
controlled release as the material is degrading
after completing its function. 
Right now, manufacturing
biodegradable materials is expensive
and research is being done to improve
production techniques to reach more
convenient prices.
Right now, manufacturing biodegradable
materials is expensive and research is being
done to improve production techniques to
reach more convenient prices and thus
expanding their use. Biodegradable polymers
have been developed that are destroyed by the
action of bacteria, while other polymers are
degraded with light. Adapting the molecular
structure of polymers to each specific applica-
tion requires to develop new manufacturing
technologies to obtain an accurately controlled
microstructure and the desired properties.
Biodegradable polymers are 
among the most promising materials
due to their application in many
processes.
Another field to be developed are materials
and tissues. There is much research on
hydrophobic tissues such as the famous
swimsuits allowing swimmers to stay in con-
tact with an air layer instead of water in order
to swim faster. 
There are also hydrophilic tissues, i.e. tissues
retaining a great amount of liquid. Another
sort of tissue is that able to capture solar
energy. It can charge devices like mobile
phones integrated in clothes, light on when
there is few light or have sensors of different
kinds. As to biomedical applications, there are
biodegradable tissues for abdominal repara-
tions (hernias) made with chitosan (a material
contained in the shells of shrimp) as it is biode-
gradable and has good mechanical and biolog-
ical properties.
Advanced metals
Advanced metals and alloys take an important
position in a vast range of top applications in
the aerospace industry. Due to their high cost,
advanced metals and alloys only have managed
to set their foot in the aerospace market. Some
are developed for other commercial applica-
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tions, basically sports equipment and pieces
for engines.
Steel will still be the structural metallic material
par excellence thanks to its outstanding prop-
erties and will still be used for big structures
like ships, oil platforms, engines, pipes, build-
ing structures and concrete reinforcement.
Micro-alloyed steel is a reality with a fine-
grained structure, being more resistant than
conventional steel. Steel with nanometric
grain size, made for big size changes, has a
very high mechanical resistance and excellent
resistance to corrosion. This technology will
become a new revolution in steel. Clean steel,
having very few interstitial elements like car-
bon and nitrogen, is appropriate for big wire
drawing and shaping operations; when
deformed, they are very resistant due to the
high density of dislocations. 
Another new steel sort is that with micro and
nanometric dispersion of oxide particles; when
the steel cools down after hot rolling or wield-
ing, the oxides act as nucleators in the ferritic
phase, having good mechanical properties
with a final fine-grained microstructure.
Within light alloys, titanium and its alloys will
replace in some cases stainless steel due to the
scarcity especially of chrome and also nickel.
However, improved production techniques of
titanium and its alloys has made processes and
final products cheaper. These metals and alloys
were traditionally used exclusively in aero-
space and biomedical applications (prostheses,
screws, plates) and are currently used in the
chemical industry. Besides the low density of
titanium and its alloys, the elaboration of new
beta-titanium alloys is very interesting as they
reduce considerably their elastic module and
open a new field of technological applications
for these new alloys, which are currently in
their design stage.
Magnesium has an excellent castability (ability
of a cast metal to produce cast pieces without
default), which will be used in the future, par-
ticularly if mechanical and corrosive resistance
is improved. In medicine, its first applications
in the form of biodegradable magnesium car-
diovascular stents are being studied.
Magnets are found everywhere in our house-
holds: they feed electrical engines, vacuum
cleaners, refrigerators, help reproduce sound
and image in stereo and video devices, store
information on computers and keep doors
closed. The best traditional permanent mag-
netic materials are based on ferrites. In recent
years, hard magnets have been manufactured
based on sophisticated alloys in the shape of
particles so each particle constitutes a mag-
netic domain. These particles can be synthe-
sised or mixed with a bonding material to
create very powerful magnets.
Micro-alloyed steel is a reality 
with a fine-grained structure, being
more resistant than conventional 
steel.
Other magnetic materials are iron-boron
alloys with silicon-neodimium additions
obtained by fast solidification, featuring very
low hysteresis losses once they are magne-
tised, which means that the magnet is very
soft and remagnetisation can be done as often
as is pleased at a little loss. There will certainly
occur a big revolution in the application of
these new materials to improve response speed.
Advanced compound materials
Compound materials are the first choice when
no metallic materials, ceramics or polymers are
available to satisfy material requirements.
These materials can be adapted to satisfy spe-
cific needs, tension and deformation distribu-
tion, different temperature conditions and
other requirements for usage.
Polymeric matrix compounds are light and
well resistant against flexion and work
towards reinforcement, by which they are used
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in the aeronautic and automotive industries as
well as in manufacturing mobile structures.
However, they decompose at high tempera-
tures. When the functional temperature is high
enough to degrade a polymeric matrix com-
pound, the possibility of using a metallic
matrix compound is studied. Thus density is
increased, although light alloys are tried to be
used, but they pose great difficulties for manu-
facturing. The use of expensive raw materials
and the complexity of manufacturing tech-
nologies increase the cost considerably com-
pared to competitor materials. Besides, after
repeated temperature cycles, the matrix rein-
forcement bond tends to fail and the interface
can be depleted due to reactions between the
metallic matrix and its reinforcement. Again, it
is crucial to make progress in manufacturing
technologies to expand the use of metallic
matrix compounds in the future. It is estimated
that global sales will increase an average 9.3%
per year, basically in applications for the auto-
motive industry.
When the matrix needs to be light, highly
resistant to high temperature, resistant to cor-
rosion, thermal shock and flexion, then ceramic
matrices can be used. Compound materials
with a ceramic matrix have ceramic fibres
blocking the propagation of fissures, thus
making the compound tough. However, these
materials are very difficult to obtain. For
instance, there is the carbon-carbon com-
pound, able to bear very high temperatures.
The matrix and the reinforcement agent are
made of the same material and they keep
most of their resistance at 2500ºC, so they can
be used to do tests with spacecrafts re-enter-
ing the atmosphere. However, there are still
big obstacles to accelerate their commerciali-
sation, like the lack of capacity to reliably
reproduce compounds and resist oxidation at
a high temperature.
An area in which compound materials
have had a higher impact, apart of
aeronautics and automotive, is sports
equipment.
An area in which compound materials have
had a higher impact, apart from aeronautics
and automotive, is sports equipment. Tennis and
squash rackets, fishing rods, poles, bicycles,
surfboards, sports boats (e.g. canoes) and skis
are being manufactured with compound
materials.
Conclusion
Although we could expand more on this,
I think these examples show the expansive
stage of materials, with current problems and
future trends. Materials engineering intends to
make available for the industry the most
appropriate materials to manufacture different
types of products, which involves the ability to
choose based on available properties. This
process is called materials selection. Based on
physical or chemical and design (geometric)
requirements, the most appropriate material is
selected for a given application during its life
cycle. A very important contribution of materi-
als science and technology is to allow in may
cases the design and manufacture of a mate-
rial that needs to cater for certain require-
ments during its life cycle. That is, there is
often the necessary technology to design and
produce a tailormade material for a given
application.
The trend is to define the industrial
application, out of which the
possible treatments the material
needs to undergo are selected and
optimised, or even the most
adequate is designed and
developed.
The philosophy that used to exist in the field
of materials has changed. Formerly, a given
material was manufactured with some specific,
perfectly characterised properties, and suitable
applications were sought. The current trend is
to define the industrial application, out of
which the possible treatments the material
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needs to undergo are selected and optimised,




Companies manufacturing, transforming and
using materials are forced to have a long-term
strategy given the revolution of new materials.
More knowledge on the nature, structure and
properties of materials and their possible
application needs to be gathered. Having
modelling and simulation as well as experi-
menting, assessment and characterisation
capacities will be crucial to develop the capaci-
ties of materials and improve manufacturing
processes and performance. This first stage
should be done in collaboration with universi-
ties and research centres. Materials manufac-
turers will first need to understand well the
needs of user industries in terms of problems
to solve or optimise as well as performance
and manufacturing.
The most successful industries will be
those able to quickly and efficiently
embrace all progress with new
products and innovative and
commercially feasible processes in
order to be earlier in their
competitors’ market.
The most successful industries will be those
able to quickly and efficiently embrace all
progress with new products and innovative
and commercially feasible processes in order
to be earlier in their competitors’ market. In a
competitive setting, technological resources
developed simultaneously and coincidentally
allow companies to enter a process of inte-
grated and parallel product conception and
manufacture leading in turn to faster renewal
and permanent innovation. 
Also, accelerated renewal of products allows
the industry to apply the latest technological
inventions and innovations in new, more
sophisticated consumer goods and industrial
equipment, thus reaching out to the market
before the competition. Commercial and
industrial success thus relies on institutional
mechanisms and technical conception and
manufacturing capacities allowing companies
to transfer technological progress to commer-
cial applications. Technology is doubtless an
indispensable resource to have a competitive
advantage in the global market.
Materials research rankings place
Catalonia as the first Spanish region
in scientific production.
In Catalonia, the materials technology has set
the base to become one of its industrial driv-
ers. Catalonia has research groups for materi-
als with much top scientific production and
strong relations with companies in the field of
materials. Materials research rankings place
Catalonia as the first Spanish region in scien-
tific production:
Research groups at the Polytechnic University
of Catalonia stand out for their work on struc-
tural materials, ceramic materials and biomaterials.
The Catalan Centre of Plastic has a strong
business involvement in the plastics sector and
is a national and international reference. 
The University of Barcelona stands out espe-
cially for its research groups dealing with extrac-
tive metallurgy (obtaining metals out of
minerals) and coatings through plasma projec-
tion. It also has experts in the relation between
properties and microstructure of materials. 
The Autonomous University of Barcelona spe-
cialises in metal glasses and thermodynamic
aspects of materials. 
At its Bellaterra campus is also the Barcelona
Institute of Materials, dependant on the Spanish
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Higher Council of Scientific Research. It is a ref-
erence centre in functional materials (studying
materials as to their physical, electrical, magnetic
and optical properties), although it has more
materials research lines.
Most companies transforming
materials in Spain, especially in
metallurgy, are concentrated in
Catalonia.
Furthermore, most companies transforming
materials in Spain, especially in metallurgy, are
concentrated in Catalonia. They are companies
obtaining materials, doing shaping, thermal
and surface treatment, covering a wide range
of applications. There are companies in the
automotive industry that are a driving force in
materials research and development, such as
CELSA, a leading company in manufacturing
steel and plastic shaping of materials for
obtaining different shapes and profiles with
desired properties. La Farga Lacambra stands
out in obtaining and working with copper, with
a high-quality production that not only covers
our country but also has a high international
impact. Tratamientos Térmicos Carreras is one
of the most important companies in the coun-
try for any sort of thermal and thermochemical
treatment and coating, apart from more con-
ventional processes. They are leaders in very
special treatments and a company going strongly
for research and development. Rovalma is
another example of a company having a great
interest for research and innovation. They
work with a wide range of metallic materials
for different technological applications.
In high-precision machining, there are two
noteworthy companies: Vilardell Purtí in
Santpedor and Indústries Teixidó in Riudecols,
with a high reputation thanks to the quality of
their products. The former has included metal-
lic biomaterials into its production lines. In
biomaterials there is TRAIBER, working with
hip and knee prostheses, and KLOCKNER, the
dental implants of which are the most sold in
our country, having also opened a big market
in the United States. This company was among
the first Spanish to have been registered by the
FDA, a necessary step to sell products in the US.
Noteworthy is also Braun from Rubí, one of
the world’s leading companies manufacturing
suture needles, with countless references for
different surgery applications.
There are different technology centres in Cata-
lonia helping in technology transfer related to
materials. The Manresa Technology Centre is
specialised in metallic materials and their shap-
ing process, with research groups in simulation
of material transformation processes. The cen-
tre has strong links with the Polytechnic Uni-
versity of Catalonia. ASCAMM is another centre
devoted to the development of moulds and
matrices. Leitat is has a strong expertise in tis-
sues, and CETEMSA provides substantial ser-
vices to companies working with different
sorts of materials.
Catalan authorities are aware of the need
to act and created ACC1Ó to provide funds
and advantages to companies and research
groups and to foster a technological quantum
leap. Research projects in technological and
technology valorisation cores, in which a com-
pany leads a project to develop a new product
in collaboration with different research groups
and technology centres, are increasingly
important. 
It is in this time of economic crisis
when a drive for research and
innovation becomes necessary,
especially in the field of materials,
in which Catalonia is a leader in
research, knowledge transfer and
industries.
The materials area is one of the most active
in this initiative due to the relevance of this
sector in Catalonia. Unfortunately, funds are
not enough, but collaboration between public
authorities, the industry and research groups
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creates big hopes for the future. It is in this
time of economic crisis when a drive for research
and innovation becomes necessary, especially
in the field of materials, in which Catalonia is
a leader in research, knowledge transfer and
industries. New materials will be one of the
most powerful drivers of the country and can
contribute towards leaving the crisis behind.
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